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ABSTRACT

The present experiment was conducted to investigate the effects of dietary supplementation with different levels of
betaine on nutrient utilization and digestive enzyme activity in indigenous yellow-feather broilers during starter phase. A
total of 288 male, one-d-old Huaixiang chickens with an average initial body weight (BW) of 44.52 ± 1.07 g were
randomly allotted to 4 treatments. Each dietary treatment consisted of 6 replicates, with 12 birds per replicate. The 4
dietary treatments were corn-soybean meal-based diets and supplemented with 0, 500, 1000 and 2000 mg/kg betaine,
respectively. The trial period lasted 28 d. It was found that dietary betaine supplementation improved the calcium (Ca)
utilization (cubic, P=0.0187). Meanwhile, dietary supplementation with different levels of betaine increased the trypsin
activity (quadratic, P=0.0445) and lipase activity (cubic, P=0.0344) of the jejunum. Taken together, this study revealed
that betaine could promote the digestive function in indigenous yellow-feather broilers during starter phase.
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INTRODUCTION

Yellow-feather broilers are increasingly favored
by consumers because of their good meat quality.
Huaixiang chicken is a famous indigenous yellow-feather
broiler breed in South China (Shi et al., 2016). Because
of the young broilers’ intestinal development is imperfect
and the low resistance, sub therapeutic antibiotics are
widely used in young broilers diets to improve the gut
health and promote the growth performance (Liu and
Kim, 2017). However, prohibition of sub therapeutic
antibiotic usage in animal feed is a current global trend,
and the interest in searching alternatives to sub
therapeutic antibiotics in feed has increased. It is well
known that the natural active substances, including
probiotics, prebiotics, enzymes and plant extracts, which
could be used as potential alternatives to sub therapeutic
antibiotics (Liu et al., 2018).

Betaine is a trimethyl derivative of glycine and
known to have two major roles in the body, as a methyl
group donor and an organic osmolyte (Rao et al., 2011).
On the other hand, betaine has been shown to protect
cells from osmotic stress and allow them to continue
regular metabolic activities in conditions that would
normally inactivate the cell (Hamidi et al., 2010).
Previous studies indicated that betaine supplementation
as feed additives plays important roles such as improving
growth performance, immune response and nutrients
digestibility in broilers (Eklund et al., 2005; Attia et al.,
2009; He et al., 2015; Shakeri et al., 2018; Liu et al.,

2019). However, few studies focused on the effects of
betaine on nutrient utilization and digestive enzyme
activity in young yellow-feather broilers. Therefore, the
present experiment was conducted to evaluate the effects
of betaine supplementation on nutrient utilization and
digestive enzyme activity in Chinese indigenous yellow-
feather broilers during starter phase.

MATERIALS AND METHODS

Birds, Diets and Experimental Procedures: A total of
288 male, one-d-old Huaixiang chickens (Chinese
indigenous yellow-feather broilers) with an average
initial BW of 44.52 ± 1.07 g were obtained from a local
hatchery, and randomly distributed to 4 treatments. Each
dietary treatment consisted of 6 replicate cages, with 12
birds per replicate. All birds were raised in stainless steel
pens with concrete floors in an environmentally
controlled house. The experimental period is 28 d.
Ingredient composition and nutrient content of basal diets
for both experimental phases are presented in Table 1.
Basal diets were formulated to meet or exceed Chinese
indigenous yellow feather broilers recommendations
based on Chinese Chicken Feeding Standard (NY/T33-
2004). The 4 dietary treatments were corn-soybean meal-
based diets and supplemented with 0, 500, 1000 and 2000
mg/kg betaine, respectively. The betaine was obtained
from Shandong Jianchuan Biotechnology Co., Ltd. (The
purity is 99%, Shandong, China). Diets were given to the
birds in mash form. Birds had free access to feed and
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water. Lighting was continuous, and room temperature
was maintained at 33 ± 1 °C for the first 3 d, and then
gradually reduced by 2 °C a week until reaching 24 °C.
The relative humidity is controlled at 60% during the
feeding trial.

Sampling and Measurements: After the 28 d feeding
trial, one bird from each replicate was randomly selected
and moved to metabolic cages for metabolic test.
Determination of nutrient metabolism using total excreta
collection method. The metabolic test was lasted 4 days.
During the test, feed intake and excrements were
recorded, and the excreta were all collected. The crude
protein, ash, energy, calcium (Ca) and phosphorus (P)
contents in the feed and excreta were then analyzed. The
nutrient utilization rate was calculated by the following
formula:

Apparent nutrient utilization rate (%) = (feed
intake × Nf - amount of excretion × Ne) / feed intake ×
Nf) × 100.

where Ne = nutrient concentration in excreta (%
DM), Nf = nutrient concentration in feed (% DM).

At the end of the experiment (d 28), 6 birds (1
bird per cage) were randomly selected from each
treatment were weighted and then killed by cervical
dislocation. The digesta of duodenum, jejunum and ileum
were collected at 2g. The digestive enzyme activity of
digesta from the duodenum, jejunum and ileum were
detected by using commercial kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

Statistical Analysis: All data were analyzed using GLM
procedure of SAS 9.4 (SAS Institute Inc., Cary, NC).
Orthogonal polynomial contrasts were used to test the
linear, quadratic and cubic effects of the increasing levels
of dietary betaine. Variability in data was expressed as
standard error of means (SEM) and P≤0.05 was
considered to be statistically significant.

RESULTS AND DISCUSSION

The results of nutrient utilization and digestive
enzyme activity were described in Table 2 and 3. At the
end of the experiment, with increasing the dietary betaine
levels from 0 to 2000 mg/kg, the Ca utilization was
improved (cubic, P=0.0187). In addition, dietary
supplementation with different levels of betaine increased
the trypsin activity (quadratic, P=0.0445) and lipase
activity (cubic, P=0.0344) of the jejunum.

Young broilers growth faces many challenges
because the low resistance and digestive physiology of
young chicks is low developed (Yan et al., 2017). The
present study demonstrated for the first time that betaine
could act as a digestive function promoter for indigenous
yellow-feather broilers during starter phase. These
findings are in agreement with the reports from Eklund et
al. (2005), who revealed that dietary supplementation of

betaine improves the digestibility of specific nutrients,
such as methionine, protein and crude fat. However, few
other researchers investigated the effects of betaine on
nutrient utilization and digestive enzyme activity in
broilers, thus no more comparisons could be made. A
study in rats carried by Wang et al., (2018), who
demonstrated that betaine supplementation markedly
increased the activities of amylase, trypsin, lipase and
chymotryps in the small intestine. Our observation and
the reports from related studies for nutrient utilization and
digestive enzyme activity in the betaine-treated broilers
supported the idea that betaine was associated with
antioxidant and methyl donor properties through its
involvement in cell membrane stabilisation (Alirezaei et
al., 2012). Also, Wang et al., (2018) suggested that
betaine could increase the activity of key cellular
enzymes so as to improve the digestive enzyme activity.
On the other hand, the increased nutrient utilization and
digestive enzyme activity might be associated with the
improved intestinal morphology. In this regard, Kettunen
et al., (2001) found that dietary betaine supplementation
increased the intestinal epithelial villus–crypt ratio in
broilers, thus promoting the functional digestive
parameters, and they thought the improved gut health and
digestive function was due to both the methyl group
donor nature and the osmotic nature of betaine. Finally, it
was assumed that gut microbiota also contributed to the
intestinal health and digestion physiology (Liu and Kim,
2017). Therefore, betaine might be involved in the gut
microbiota and then improved the nutrient utilization and
digestive enzyme activity. However, the underlying
mechanism is not quite clear yet and need to be verified
by further studies.

Table 1. Basal diet composition (as-fed basis).

Item Contents (%)
Ingredients
Corn 60.99
Soybean meal 29.00
Wheat bran 2.16
Fish meal 3.00
Soybean oil 2.00
Limestone 1.28
CaHPO4 1.26
Premix1 0.31
Total 100.00
Calculated nutrient levels
ME (MJ/kg) 12.30
Crude protein (%) 20.03
Ca (%) 1.00
Met(%) 0.45
Lys (%) 1.09
Phosphorus (%) 0.68
1Premix Provided per kilogram of diet: 5,000 IU of vitamin A,
1000 IU of vitamin D3, 10 IU of vitamin E, 0.5 mg of vitamin
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K3, 3 mg of thiamin, 7.5 mg of riboflavin, 4.5 mg of vitamin B6,
10 μg of vitamin B12, 25 mg of niacin, 0.55 mg of folic acid, 0.2
mg of biotin, 500 mg of choline, and 10.5 mg of pantothenic

acid. 60 mg of Zn, 80 mg of Mn, 80 mg of Fe, 3.75 mg of Cu,
and 0.35 mg of I.

Table 2. Influence of dietary betaine on nutrient utilization in indigenous yellow-feather broilers during starter
phase.

Items, % Dietary betaine levels (mg/kg) SEM P-value
0 500 1000 2000 Linear Quadratic Cubic

Crude protein 66.56 67.08 62.66 67.52 3.49 0.9225 0.5437 0.3763
Ash 44.37 53.44 44.09 46.24 3.21 0.7983 0.2978 0.0545
Energy 82.29 82.76 81.29 81.88 1.02 0.5664 0.9532 0.3961
Ca 60.70 62.81 58.51 62.13 1.22 0.9964 0.5435 0.0187
P 57.89 58.51 54.49 55.10 2.72 0.3252 0.9990 0.4582
SEM, Standard error of means.

Table 3. Influence of dietary betaine on digestive enzyme activity in indigenous yellow feather broilers during
starter phase.

Items, U/mg prot Dietary betaine levels (mg/kg) SEM P-value
0 500 1000 2000 Linear Quadratic Cubic

Duodenum
Trypsin 245.04 259.38 197.90 114.00 48.88 0.0551 0.3309 0.8103
Lipase 24.27 26.27 21.34 11.03 11.64 0.4045 0.6043 0.9765
Jejunum
Trypsin 250.30 369.00 518.50 267.40 84.33 0.6025 0.0445 0.2703
Lipase 4.08 4.07 3.12 4.21 0.29 0.6800 0.0770 0.0344
Ileum
Trypsin 292.82 285.31 269.63 280.60 22.38 0.6085 0.6855 0.7329
Lipase 1.97 1.27 2.09 0.88 0.44 0.2338 0.5703 0.0909
SEM, Standard error of means.

Conclusion: In summary, dietary supplementation with
betaine in indigenous young yellow-feather broilers diets
improved the Ca utilization, and showed positive effects
on trypsin activity and lipase activity of the jejunum.
Further studies are necessary to confirm the conclusions
and to illustrate the underlying mechanism.
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